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SUMMARY

An investigation was made in the 5.18-meter (17-foot) test section of the Langley
300-MPH 7- by 10-foot tunnel to determine the longitudinal and lateral characteristics of
a 1/6-scale model of the Kestrel (XV-6A) vectored-thrust V/STOL airplane at low-speed
cruise and transition conditions. Data were obtained out of and in ground effect over a
moving ground plane for a range of model angles of attack and sideslip at various thrust
coefficients by using compressed air ejecting from nozzles in the fuselage.

In the cruise configuration, the model is longitudinally stable, but in transition,
model instability is increased as power is increased, and the flaps and horizontal tail
have little effect at high thrust coefficients (low forward speeds). At high thrust condi-
tions in transition, the model is unstable in roll and yaw at small sideslip angles. Jet-
free-stream interference generally results in an increase in drag and noseup pitching
moments and a reduction in lift, Ground proximity generally reduces the interference
effects on lift and pitching moment but has little effect on drag. Deflected thrust at
speeds above transition produces increments of lift and large deceleration forces useful
in maneuvering flight, but with a reduction in stability.

INTRODUCTION

The National Aeronautics and Space Administration has provided a large body of
detailed informgtion on various vertical take-off and landing (VTOL) concepts and has
recently emphasized the importance of continued development in this area of aeronautics.-
Detailed aerodynamic data have been obtained for several configurations such as the
ducted propeller (ref. 1), tilt wing (refs. 2 and 3), lift jet (ref. 4), and lift fan (ref. 5),
some of which have evolved into flight vehicles.

One V/STOL airplane now operational is the Harrier (AV-8A) vectored-thrust
fighter. The present paper supplements previous investigations on the prototype Hawker



(P-1127) version of this airplane, first flown in the early 1960's. The previous works
include the results of flight tests of a 1/6-scale model (ref. 6) and the results of static-
force tests at high subsonic speeds (refs. 7 and 8). The present investigation utilizes a
1/6-scale model of the Kestrel (XV-6A) version of this airplane. This version was used
by the United Kingdom (U.K.), Federal Republic of Germany (F.R.G.), and United States
(U.8.) in tripartite evaluations conducted during the mid-1960's. Since those evaluations,
two of these Kestrels were loaned to NASA Langley Research Center for flight tests

(ref. 9). Completing the evolution of this vectored-thrust V/STOL fighter to operational
status is the Harrier (AV-8A), the third version of this airplane which is currently being
flown by both the U.K. and U.S. military forces.

. Both the Kestrel and Harrier were developed largely through modifications of
earlier versions of this airplane. As a result, very few wind-tunnel data are available
on either airplane. The present investigation of the Kestrel (XV-6A) was undertaken to
provide static longitudinal and lateral characteristics with a wind-tunnel model to com-
plement the flight-test results obtained by both the NASA and the USAF (ref. 10). The
principal purpose of these flight tests has been the determination of the V/STOL
transition-flight characteristics between hover and wingborne flight. Correspondingly,
most data herein pertain to this speed regime.

These tests were made through angle-of-attack and angle-of-sideslip ranges at sev-
eral thrust conditions, flap deflections, and nozzle deflections. Also included are results
of tests made for several heights above a moving ground plane to determine the effects of
ground proximity in transition flight. Interference effects between the jets and the free
stream are also presented.

Recently considerable interest (ref. 11) has been expressed regarding the use of
deflected thrust for situations not related to take-off or landing. One area of interest is
its use to increase airplane maneuverability. Some of the recent flight tests conducted at
Langley with the Kestrel (XV-6A) airplane have used deflected thrust at an altitude of
approximately 4572 meters (15 000 feet). To complement this flight experience, some
wind-tunnel data are included herein to describe the static aerodynamic characteristics
of the plane in these maneuvers.

SYMBOLS

The longitudinal force and moment data are referred to the stability-axis system.

- The lateral-directional data are referred to the body-axis system. The coefficients
include jet and inlet momentum effects. For all data, the origin is located at the moment
center shown in figure 1. The units of measurement used in this paper are given in both
the International System of Units (SI) (ref. 12) and U.S. Customary Units. The measure-
ments and calculations were made in U.S. Customary Units.
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side-force coefficient,
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mean aerodynamic chord, m (ft)
drag, N (lbf)

equivalent diameter (diameter of nozzle equivalent in area to total area of
four model nozzles), 0.193 m (0.633 ft)

height of moment center above ground plane, m (ft)

tail incidence angle, positive when trailing edge is down, deg
lift, N (Ibf)

pitching moment, m-N (ft-1bf)

free-stream Mach number

total pressure in ejector plenum, N/mm2 (Ibf /in2)

free-stream dynamic pressure, N/m2 (lbf/ft2)



S wing area, m2 (ft2)

T thrust at static conditions, N (lbf)

Ve effective-velocity ratio, 'dngjz_litf:;?digﬁi:pizzssitze

Vo free-stream velocity (true airspeed), knots

W ejector-inlet weight flow, N/sec (lbf/sec)

a fuselage angle of attack (wing incidence, 1.759), deg

B ‘ angle of sideslip, deg

AL,AD,AMy increments of lift, drag, and pitching moment, respectively, due to
interference

g aileron-deflection angle (sum of right (up) and left (down) deflections), deg

o flap-deflection angle, deg

on nozzle-deflection angle, measured downward from plane containing fuselage

reference line and perpendicular to plane of symmetry, deg

Op rudder deflections, positive when trailing edge is deflected toward left, deg
C lﬁ' effective-dihedral parameter

Cn 8 directional-stability parameter

CYB side~force parameter

9C, /8 0 rolling moment per degree of aileron deflection
9C / 9it pitching moment per degree of tail deflection

8Cy /80 yawing moment per degree of rudder deflection
T



MODEL AND APPARATUS

A three-view drawing of the model with dimensions is given in figure 1, and photo-
graphs of the model are given in figure 2. The model was a 1/6-scale representation of
the Kestrel (XV-6A) vectored-thrust jet V/STOL airplane. It was constructed of alumi-
num and wood covered with fiber glass. The flaps and ailerons could be fixed at various
deflection angles. The empennage includes a variable-incidence horizontal tail and
adjustable rudder. Landing-gear provision was made to simulate both the landing and
the cruise conditions.

The model was mounted on a six-component strain-gage balance attached to a sup-
port sting which enclosed the air line to the model powerplant (fig. 1(b)). The sting was
fixed to a vertical strut which had provisions for varying the angle of attack, angle of
sideslip, and height above a movable ground plane. The movable ground plane was a
fabric belt over two spanwise rollers driven by an electric motor (ref. 13).

The model was powered by four cold-air ejectors (ref. 14) each exhausting through
swiveling nozzles along the fuselage and supplied by a compressed-air line enclosed in
the support sting. The nozzles were individually adjustable to give jet deflection angles
between 0° and 95° with respect to the model horizontal plane. Power variations were
obtained by varying the ejector air-supply pressure. Ejector operating variables were
determined from calibrations based on the reference pressures measured in the ejector
plenum chambers by electrical pressure transducers. Angles of attack were measured
by an electronic inclinometer mounted in the fuselage, and sideslip angles were deter-
mined from a calibrated gearing arrangement on the model support strut. The foregoing
measurements together with tunnel operating variables and forces and moments were
recorded on magnetic tape.

TESTS AND CORRECTIONS

The investigation was conducted in the 5.18-meter (17-foot) test section of the
Langley 300-MPH 7- by 10-foot tunnel. The maximum free-stream dynamic pressure
was 527 N/m2 (11.0 1bf/ft2) or a maximum free-stream velocity of 29.3 m/sec
(96.1 ft/sec) resulting in a Reynolds number based on ¢ of about 0.88 x 106,

Data were obtained through a range of angles of attack from -4° to 24° and a range
of sideslip angles generally from -12° to 12° (or -6° to 24° in some cases) at various ‘
thrust coefficients or effective free-stream—to—jet velocity ratios. Model variations
investigated at fixed thrust coefficients and nozzle deflections were tail incidence, rudder
deflection, flap deflection, aileron deflection, and height above the ground plane. In addi-
tion to the study of the transition configuration (éf =600, 6, =659, 850, and 95°, and land-
ing gear down), the normal-cruise configuration (5f =09, 0p =09, and landing gear



retracted) was investigated with and without power to determine horizontal-tail, rudder,
and aileron effectiveness in cruise.

Attachment of the air-supply line to the model affects the sensitivity of the strain-
gage balance. Variations in air-line pressure also produce forces and moments on the
balance. Both of these nonaerodynamic effects are consistently repeatable. Calibrations
were made to determine these effects for which corrections were made on the balance
readings. No blockage or wall corrections have been applied as they are believed to be
small for a model of the present size in the 5.18-meter (17-foot) test section (ref. 15).

ENGINE SIMULATION

Simulator Calibration

The Pegasus 5 turbofan engine of the Kestrel (XV-6A) was simulated by using four
cold-air-powered ejectors (ref. 14) exhausting through swiveling nozzles. Figure 3 pre-
sents the variation of inlet weight flow and thrust for each ejector as functions of the ref-
erence pressure measured in the ejector plenum chambers. The inlet weight flow was
determined by using a calibrated bellmouthed entrance. The thrust was the total resultant
force measured statically by the strain-gage balance; as a result, the thrust in this paper
corresponds to the airplane gross thrust. The model thrust used to compute thrust coef-
ficient during this investigation was determined from these calibration curves as a func-
tion of the reference pressure.

The swiveling nozzles were modeled to represent the Pegasus 5 turbofan engine.
In this investigation, there were some variations in individual nozzle deflections for a
given nominal total-thrust deflection angle. For example, for a nominal setting of 85°,
individual nozzle deflections were 89°, 820, 88°, and 887, or a total-thrust deflection of
869 based on measured axial and normal forces. This investigation also used nominal
nozzle deflections of 0°, 45°, 65°, and 95°. For these nominal deflections, the actual
deflections, based on measured axial and normal forces, were -3°, 459, 66°, and 96°.

Effective-Velocity-Ratio Simulation

The relationship between effective velocity ratio V. and thrust coefficient Cr
for this investigation is given in figure 4. The velocity ratios were obtained by varying
both the jet thrust T and the tunnel dynamic pressure q,. A series of runs were made
to determine whether the force- and moment-thrust ratios for a given velocity ratio Vg
were independent of the magnitude of the dynamic pressures involved. Runs were made
at several tunnel dynamic pressures while varying the jet thrust. This procedure gave
force- and moment-thrust ratios at some equivalent velocity ratios but at different
dynamic pressures. The data are presented in figure 5(a) for the 00 nozzle deflection



and in figure 5(b) for the 859 nozzle deflection. The curves do not always coalesce and
this indicates that force and moment ratios for a given velocity ratio are not entirely inde-
pendent of the dynamic pressures used in obtaining that velocity ratio. However, exami-
nation of these data generally indicates that the major differences in the curves occur at
conditions where both the lower values of tunnel dynamic pressure q. < 191.5 N /m2

(4 1bf/ft2) and the lower values of thrust T < 133.4 N (30 1bf) are involved. In these
cases, small errors in force measurements and in calculated thrust may noticeably affect
ratios of small values. From these results, a combination of q, and T was estab-
lished for variation of the effective-velocity ratio through the transition-speed range.

The maximum thrust was used for Vg < 0.20 while g, was varied from 0 to 527 N/m2
(11 1bf/ft2), For Ve between 0.20 and 0.50, the maximum ¢, Wwas used while thrust
was.varied from the maximum value 645 N (145 lbf) to approximately 146 N (33 lbf). -
Unfortunately, it was necessary to use very low values of T at the maximum tunnel
dynamic pressure (527 N/m2 (11 Ibf/ft2)) to obtain values of Ve greater than 0.50; as a
result, the accuracy of these data may not be as good as the transition (Ve < 0.50) data.

PRESENTATION OF RESULTS

The data figures are presented in the following table. The out-of-ground-effect data
were obtained near the center line of the tunnel, or approximately two wing spans above
the ground plane. When in-ground-effect data are presented, the fact is noted in the
figures.

Data deseription dﬁef:g 22;; Ct or Velfigure
Longitudinal
Model-component contributions 0 0 0 6
Effect of horizontal-tail incidence 0 0 Range 7
Effect of horizontal-tail incidence 60 65 Range 8
Effect of horizontal-tail and interference increments 60 65 Range 9
Effect of horizontal-tail incidence 60 85 Range 10
Effect of horizontal-tail and interference increments 60 85 Range 11
Effect of flap deflection Range 85 Range 12
Eifect of flap and interference increments Range 85 Range 13
Effect of nozzle deflection 60 Range Range 14
Effect of nozzle deflection and interference increments 60 Range Range 15
Interference increments and effect of ground, tail off 60 65 Range 16
Interference increments and effect of ground, tail off 60 85 Range 1
Interference increments and effect of ground, tail on 60 65 Range 18
Interference increments and effect of ground, tail on 60 85 Range 19,




- o, On, Cm or Vgl|Figure
Data description deg deg T e|rigu
Lateral
Model-component contributions in sideslip . 0 0 Range 20
Model-component contributions in sideslip 60 85 Range 21
Lateral-stability parameters 0,60 0,85 Range 22
Effect of rudder deflection 60 85 Range 23
Effect of aileron deflection 60 85 Range 24
Effect of aileron deflection at high angles of attack 60 85 Range 25
Effect of combined angles of attack and sideslip 60 85 Range 26
Rudder effectiveness in cruise 0 0 Range 27
Effect of aileron deflection in cruise 0 0 Range 28
Effect of aileron deflection at high angles of attack in cruise 0 0 Range 29
Special figures

Control-surface effectiveness 0,60]| 0,65 Range 30
Effective-velocity ratio with Mach number @ |---c-]-recren | mmme- 31
Free-stream velocity with effective-velocity ratio @ {-----]-------| -=-=~ 32
Effect of nozzle deflection in cruise, tail off 0 {0,65,95 0.2 33
Effect of nozzle deflection in cruise, tail off 0 | Range Range 34
Effect of nozzle deflection in cruise, tail on 0 |0, 65, 95 0.2 35
Effect of nozzle deflection in cruise, tail on 0 | Range Range 36
Effect of horizontal-tail incidence in cruise 0 |0,865, 95 0.2 37

RESULTS AND DISCUSSION

Longitudinal Aerodynamic Characteristics

Model-component contributions.- The power-off longitudinal characteristics of the
major components of the model are shown in figure 6. The usual instability of an elon-
gated body is accentuated in the present model by the increased diameter of the forward
end of the fuselage made to accommodate the engine inlets. The addition of the wing with

flaps undeflected neutralizes the unstable body moments, and the addition of the tail gives
a stable configuration.

Effect of horizontal tail.- In the cruise configuration (fig. 7), small deflections of
the horizontal tail are sufficient to trim the model for the thrust range shown. Thrust
produces positive pitching moments as indicated by the tail-off curves, but it also
increases the trimming capability of the horizontal tail owing to the increased dynamic
pressure at the tail. The longitudinal characteristics of the transition configurations
(6n = 650 and 85°, 5¢= 600) are shown in figures 8 to 11. Without power, the model is
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stable, and small tail deflections are adequate to trim the diving moments produced by
the wing with flaps deflected. As power is introduced, the model becomes unstable and
large positive out-of-trim pitching moments occur for all tail incidences tested (figs. 8,
10(b), 10(c), and 10(d)). These changes with power result from several factors. Static
tests on the model showed that positive pitching moments were produced by jet thrust.
The inlet drag with power on also produces positive pitching moments (ref. 16) which
increase with angle of attack and produce instability. As the thrust coefficient is
increased, more of the lift is obtained from the jet thrust, and the influence of the wing
and flaps on pitching moments is reduced. The increased thrust of the deflected jets
combined with the reduction in forward speed increases the downwash and reduces the
dynamic pressure at the tail, thus rendering the tail less effective as a control and trim
device. The full-scale airplane uses jet-reaction nozzles located in the wing tips and
front and rear of the fuselage for control at low speeds and in hovering,

Effect of flaps.- The increments of lift owing to deflection of the partial-span flaps
are rather small (figs. 12 and 13) even at zero and low thrust conditions or the higher for-
ward speeds. At high thrust (CT = 6), the jet lift is so much greater than the aerodynamic
lift at the low free-stream dynamic pressure that the flap deflection has little noticeable
lift effect. The deflected flaps do reduce the magnitude of the out-of-trim positive pitch-
ing moments of the model with flaps undeflected.

Effect of nozzle deflection.- The nozzle deflections shown in figures 14 and 15 may
be considered typical deflections for forward transition (6f = 650), hovering <6f = 859), and
deceleration (5f = 950). Without power, nozzle-deflection effects are negligible except for
the drag. The drag is affected by the amount of turning the nozzle produces on the free-
stream air that flows through the nozzles. With power at low forward speeds, the force
and moment characteristics of the model depend primarily on the jet force, and the large
variations in lift and drag with nozzle deflection are the direct results of jet axis inclina-
tion and jet thrust.

Ground-plane and interference effects.- The data showing the effects of ground-plane
proximity are shown in figures 16 to 19. The closest position to the ground plane is indi-
cated by h/De =2.04. At this height the bottom of the model nose wheel was 5.08 c¢m
(2 inches) above the ground plane. The measured data are presented as ratios of forces

and moments to thrust, and the interference effects between jet and free stream are pre-
sented as ratios of incremental forces and moments to thrust. These ratios are equivalent
to conventional aerodynamic force and moment coefficients divided by the thrust coeffi-
cient; for example, L/T = Cy, /CT. The effect of increased velocity ratio is indicated by
the large increase in lift-thrust ratios, especially for the data at « = 9°. Ground prox-
imity increases the lift-thrust ratios and decreases the pitching-moment ratios at the
higher velocity ratios, but has little effect on the drag ratios. Addition of the horizontal
tail (it = 00) to the model (figs. 18 and 19) results in positive pitching moments and a



reduction of the lift-thrust ratios except when the tail is nearest the ground plane at a
model angle of attack of 9°. This reduction in download on the tail results from reduced
downwash as the tail gets nearer the ground plane.

The measured total force and moments on the model are composed of the jet forces,
the aerodynamic forces, and the forces due to the mutual interference effects of the jet,
model, and free stream; for example

L=T sin(ﬁn + a) +C1,9,5 + AL

From this and similar equations for drag and pitching moment, the interference incre-
ments shown in figures 9, 11, 13, 15, 16, 17, 18, and 19 were obtained. Interference gen-
erally results in an increase in drag and positive pitching moments and a reduction in lift,
In previous investigations, similar results were obtained with lift engines in pods adjacent
to the fuselage (ref. 16) and in models similar to the present one (ref. 17). As expected,
the pitching-moment interference effects increase considerably when the horizontal tail

is added to the model (compare figs. 16 and 18; 17 and 19). Ground proximity generally
reduces the interference effects on the lift and pitching moment when the effects are sig-
nificant but has little effect on the drag.

Lateral Aerodynamic Characteristics

Model components.- The lateral characteristics of major model components are

presented in figure 20 for the cruise configuration and in figure 21 with flaps and nozzles
deflected.

In general, the wing-body combination (fig. 21), with &; = 60°, &, = 859, and
a = 00, was directionally unstable and laterally stable over the angle-of-sideslip and
thrust-coefficient ranges tested except for small angles of sideslip at the high thrust
coefficient where the model was unstable in roll. The addition of the vertical tail
increased the lateral stability and caused the model to become directionally stable except
at the high thrust coefficient where instability in yaw and roll occurred at small sideslip
angles. These results (fig. 21(d)) are consistent with Langley flight tests in which rolling
instability was exhibited by the airplane at low speeds (high thrust) at small angles of
sideslip. The directional and lateral characteristics of the complete model were about
the same as those of the wing-body-vertical tail combination. In general, there was no
effect of angle of sideslip on the longitudinal characteristics except for a pitchup at the
high thrust coefficient.

These results are summarized in figure 22 which presents the variation of lateral-
directional stability parameters with thrust coetficient for Cp < 2.2, With flaps and noz-
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zles deflected, the model shows a little less directional stability and more effective
dihedral (=10°) than with flaps and nozzles undeflected.

Control-surface characteristics in transition.- The effect of rudder deflection on the
characteristics of the model in sideslip is shown in figure 23. With power off, the lateral
forces and moments vary linearly with sideslip angle, and the yawing moments are pro-
portional to rudder deflection. At high thrust conditions, all moment curves show non-
linearities at small sideslip angles with or without rudder deflection. For the sideslip
range shown, the yawing moments increase little when rudder deflection is increased
from 59 to 109, but effectiveness is regained at a deflection of 150,

Aileron deflection of 18° (9° up and down) generally gives constant increments of
rolling and favorable yawing moments through the sideslip range (fig. 24). Model char-
acteristics through an angle-of-attack range with larger aileron deflections are shown in
figure 25, Without power, the ailerons lose effectiveness at model angles of attack above
129, but with power, the ailerons have almost constant incremental effects with angle of
attack up to 249 except at the highest thrust coefficient.

The characteristics of the model at combined angles of attack and angles of side-
slip without aileron deflection are shown in figure 26. Except for the yawing moments at
the highest angle of attack, the lateral force and moment coefficients change little with
angle of attack and increase almost linearly with sideslip angle for the power-off condi-
tion. With power, an increase in angle of attack increases the effective dihedral and the
directional stability of the model with flaps deflected (fig. 26). At the highest thrust coef-
ficient, scatter in the data produced by unsteady forces and moments is emphasized when
these forces and moments are nondimensionalized by the low dynamic pressure and
expressed as coefficients.

Control-surface characteristics in cruise.- The aerodynamic characteristics of the
model for the cruise condition in sideslip are presented in figures 27 and 28. The data
show that the forces and moments produced by rudder or aileron deflection are linear
with sideslip angle as was the case at low thrust conditions with flaps deflected. The
ailerons show little loss in effectiveness with angle of attack up to a model angle of attack
of about 140 (fig. 29). The variation of control-surface effectiveness with thrust coeffi-
cient per degree of deflection, including the horizontal tail, is shown in figure 30. The

rudder and aileron show little variation in effectiveness with thrust coefficient or model
configuration. The effectiveness of the horizontal tail increases with thrust coefficient
owing to the increased dynamic pressure at the tail with the nozzles undeflected for the
cruise condition.
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Effect of Deflected Thrust Above Transition Speeds

Wind-tunnel tests were conducted with the present model to determine the effect of
deflected thrust at conditions which represent velocities above transition speeds. Note
that these tests were conducted at a dynamic pressure of 527 N/m2 (11.0 Ibf/ft2); there-
fore, compressibility effects present at high subsonic speeds are not represented by these
data.

The estimated engine thrust with the engine operating at 0.90 of the maximum low-
pressure fan speed at the altitude of the Langley flight tests (4572 meters (15 000 feet))
was used to compute the effective-velocity ratio Ve as a function of Mach number
(fig. 31), and the free-stream velocity as a function of effective-velocity ratio (fig. 32).
From these figures, it can be seen that an effective velocity ratio of 1.1 represents a Mach
number of 0.58 and a velocity of approximately 350 knots at an altitude of 4572 meters
(15 000 feet). This represents approximately the upper limit of the equivalent speed sim-
ulated in the present wind-tunnel data.

The results presented in figures 33 to 37 show effects which are similar in char-
acter to those found in the upper-speed range of the transition-flight regime. Of course,
the thrust contribution to the lift and drag is less than it is at the lower speed (that is,
higher thrust conditions). There is a loss in lift and an increase in drag owing to inter-
ference as indicated by comparing the undeflected jet data for Cp = 0.2 (fig. 33(a)) with
the power-off data of figure 7(a). At small angles of attack, deflecting the jets does not
significantly change the interference loss since the increment of lift due to jet deflection
(fig. 33) is approximately equal to the lift component of the jet. The decelerative force on
an airplane in level flight without special drag devices, such as dive brakes, is the drag of
the airframe with power off. The power-off drag coefficient of the present model is about
~ 0.06 (fig. 7(a)), but with the nozzle deflected 95°, figure 33(a) shows a drag coefficient of
0.185 at low angles of attack and Cp = 0.2, or about three times the drag of the model
with power off. These results are consistent with the results of flight tests which show
that deflected thrust on the Kestrel (XV-6A) at high subsonic speeds produces large decel-
erative forces which are especially useful in evasive turns.

The effect of horizontal-tail incidence on the longitudinal characteristics of the
model at speeds above transition with the jets deflected is shown in figure 37. The sta-
bility of the model with jets undeflected is reduced to near neutral stability for a jet
deflection of 65° and to instability at moderate angles of attack for a jet deflection of 95°.
Jet deflection also causes small trim changes requiring 3° to 5° of positive tail incidence
for correction.
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SUMMARY OF RESULTS

An investigation was made to determine the longitudinal and lateral characteristics
of a 1/6-scale model of the Kestrel (XV-6A) vectored-thrust V/STOL airplane at low-
speed cruise and transition conditions. Data were obtained out of and in ground effect
over a moving ground plane for a range of model angles of attack and sideslip at various
thrust coefficients by using compressed air ejecting from nozzles in the fuselage.

Some results are as follows:

1. In the cruise configuration, the model is longitudinally stable, but in transition,
model longitudinal instability is increased as power is increased. The flaps and hori-
zontal tail have little effect in transition at high thrust coefficients.

2. Jet and free-stream interference generally results in an increase in drag and
noseup pitching moments and a reduction in lift.

3. Ground proximity generally reduces the interference effects on lift and pitching
moment but has little effect on the drag. Ground proximity increases the lift-thrust
ratios and reduces the positive pitching-moment ratios at the higher velocity ratios.

4. At high thrust coefficients in transition, the model was unstable in roll and yaw
at small sideslip angles.

5. The effectiveness of the cdntrol surfaces with the exception of the horizontal tail
varies little with flight configuration or thrust coefficient in the low thrust range.

6. Deflected thrust at speeds above transition produce increments of lift and large
deceleration forces useful in maneuvering flight, but with a reduction in stability.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., June 8, 1972.
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Figure 3.- Model ejector characteristics.
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Figure 9.- Continued.
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(b) Interference increments at @ = 0°,

Figure 11.- Continued.



My
D¢

~|~

Pr——

. :_';:n;!_......

.

il
n
i

i
,mm

___,..
e ..E

.
‘ff{!i%zﬁhiﬁﬁméﬂ .
o %&?Aﬁi@’ﬁﬂ

o
L

..
..
I
.

i Mai o
...

(c) Measured characteristics at a = 9°.

Figure 11.- Continued.

61



62

INAAY

\
AN
\

3
\
\\\

\
A\

0] 04 ‘ 08 12 16 20 24 28 32 36 40 44 48
Ve

(d) Interference increments at a = 9°,

Figure 11.- Concluded.

52

56



00 = o 088 = Uy -gsouaATIOaffe del SutMOYsS SIOTISTIOBIBYD DTWEBUAPOIDE [BUIPN)ISUOT ~°Z] 9an3rg
0="1o (v
an bap'o
g o 14 [ 0 e 74 9l al 8 14 0] ¢¢.-
= i et : =R
: :
EEEEE £ S
e e R i = e e
e e e E F &
e m_
a 5, 74
H
851 = 7 SETtanesan
, o
e
FHE T HHE
09 v
o < :
02 o i : =
2 0o o© _ e -

63



‘panunuo) -*Z[ 9INITI
*papniouo) ()

Rb) bap‘o
01 g 9 14 4 ] o~ e 02 9l al 8 14

BRI,

I
e
;
i -ﬂ#-m-mo
i
i

T TR
i
i
i

i

i
i
1

i
i
i

|
i

i

il i
”I: : m
i {2 Em

i

i il
bt el %
;.H

{gx
fi
iz
e

HE

ﬁ' $i v

09

i
i
i
H

O
<
oo¢d

bap'ig

T

64



*panuniuo) -'ZI 2In3tg

‘01 =10 (q)

ds bap ‘o
el Ol g 9 14 [ 6] 8¢ ¢ =~ 0¢ 9l al 8 1 0 b-

s
il

g1

09 v HieaE) it L i 3 e

oy <

0¢

it @w_u.wm m“n“wm

65



‘ponunjuo) -°g1 9IN3Tg

*papniouo)) (q)

19
03 gl g1 b1 21 ol g

H“oﬂu"ﬁrﬂ : %‘ =
=== e =
=5 + == =
mm e: e b :_—rq“ - ax T Y 8
H e R HEE S :
- _ =t ,

e %H : : == ==
i SHE ! : : i B 09 \% SE
e : 4 o o
B i O o

e : e (0] (o]

i : i —EE bap'ig = ==i

66



‘penunjuoy) -z 9Jandry

‘0z=dp (9)

174 (07 ol al 8 1% 0 L

== o SE==s
= — 2l
= H = = it uuunﬂw—
E 9l
=5 T T T T mm “. 5 T ..H,m—
= , e i = e e 22
; =2 : B e e o e , e m% R
@ﬂnum _ 2 : 1 i e : et mmmmAA. w i i ”r S2en ; A(L = ,. _ T ;| ¢N
ot e 09 vt = _ mm
: ”" se e g i H O¢ <& ! w.{_. ,‘l W”mimm - $ASRELE u_ s it : :
= g o = 92
Tt e P PR T iRieic] sicsa et fias H SRt § 84 HEm e i Tt e SR P i HEHQ

67



9l

‘penunuo) -°g1 9In3rg

*papniouo) (9)

144

14

]

=

il
e
i
i
o
e ; itk
5 v i
it &
L.‘ a i i i : it ¢
i o i

.A
T
Histe o

I |

Hi ]

ik mﬁ» 3 iH Hi

Hit buda ]

Wy

68



‘ponunuod -°gl oan31q
ro=To ()

) _ -
. v-  ¥e 0z 9 4 ;

69

=5

i
|
i o

HEHN
HH

i

i
T
1
fjidts
i i
g
1l
H
1

09

0e

&
<
oood

bap’ ig

e @




*popnIouo) ~*gI 9IN3TI

papniouo) (p)

T 6op'D
2. 89 v9 09 9% 2s 8t 0 2 02 9l 2l 8 b 0 b=

Wﬂ T
9V}
t

T

ﬁ-f‘l'ht
fﬂ

A
il
¥

i Egibii
gt
i

SRR . . e , = ol

e

o

S
oo«

R

70



WNTIIT

RN

o e Sl O SO E R
= RERE
s o -

) 04 .08 12 16 .20 29 .28 .32 36 40 44 48
Ve

-(a) Measured characteristics at a = 0°,

Figure 13.- Variation of longitudinal characteristics and interference increments
with effective-velocity ratio showing effect of flap deflection. &, = 85°;
it = 0°.
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(b) Interference increments at a = 0°.

Figure 13.- Continued.
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(c) Measured characteristics at « = 99,

Figure 13.- Continued.
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(d) Interference increments at « = 9°.

Figure 13.- Concluded.
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(a) Measured characteristics at o = 0°,
Figure 15.- Variation of longitudinal characteristics and interference increments

with effective-velocity ratio showing effect of nozzle deflection. & = 600;
iy = 0°.
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(b) Interference increments at « = 00,

Figure 15.~ Continued.

84

48



o o2 08 12 46 20 24 .28 32 .36 40 44 48
Ve

(c) Measured characteristics at o = 99,

Figure 15.- Continued.
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(d) Interference increments at «a = 99,

Figure 15.- Concluded.
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(a) Measured characteristics at a = 0°.

Figure 16,- Variation of longitudinal characteristics and interference increments
with effective~velocity ratio showing effect of height above moving ground
plane. &, = 65°; &f = 60°; horizontal tail off.
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(b) Interference increments at « = 00,

Figure 16.- Continued.
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(d) Interference increments at a = 99,

Figure 16.- Concluded.

90

52

.56



R
S

=

-

.

|

o
i

5?

-

b2 .56

40 944 48

o8 2 6 20 24 28 32 36
e

04

= 09,

(a) Measured characteristics at «

Figure 17.- Variation of longitudinal characteristics and interference increments

with effective-velocity ratio showing effects of height above moving ground

oy = 859; &¢ = 600; horizontal tail off.

plane,
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(b) Interference increments at « = 0°.

Figure 17.- Continued.
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(c) Measured characteristics at o = 9°.

Figure 17.- Continued,
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(d) Interference increments at a = 99,

Figure 17.- Concluded.
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(a) Measured characteristics at a = 00,

Figure 18.- Variation of longitudinal characteristics and interference increments
with effective-velocity ratio showing effect of height above moving ground
plane. o, = 65%; &;=602; i =00,
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(b) Interference increments at o = 0°.

Figure 18.- Continued.
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(d) Interference increments at « = 99.

Figure 18.- Concluded.
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(a) Measured characteristics at a = 00,

Figure 19.- Variation of longitudinal characteristics and interference increments
with effective-velocity ratio showing effect of height above moving ground
oy = 85°; ©op = 60°; i =0°.
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(b) Interference increments at a = 0°,

Figure 19.- Continued.
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(c) Measured characteristics at o = 99,

Figure 19.- Continued.
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(d) Interference increments at « = 99.

Figure 19.- Concluded.
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Figure 20.- Characteristics of model in sideslip showing contributions of major
components. Cruise configuration. & = 0°; o = 00; landing gear up.
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